ABSTRACT A morphological and quantitative study was performed on the respiratory epithelium of human distal airways in 20 lungs removed at operation for the treatment of carcinoma. Using 1 ,um araldite sections stained with Toluidine Blue for light microscopy, with further electron microscopic study where required, we have described mast cells in the epithelium of bronchioles, terminal bronchioles, and respiratory bronchioles. Examination of these cells at both microscopic levels demonstrates many of the typical features of mast cells-namely, metachromatic granules on staining with toluidine blue at light microscopic level, surface microvillous processes, and numerous dense intracytoplasmic granules with a whorled substructure at electron microscopy. Furthermore, we have identified cells devoid of granular material which may be recognised as mast cells by virtue of their nuclear and cell surface characteristics-the occurrence of a spectrum of change between those cells devoid of granular material and those with full granule content; and a few cells in which we found both typical dense, whorled granules and large lucent vacuoles devoid of such material. Quantitation of all respiratory epithelial cells by light microscopy shows that mast cells comprise 0-2% of the total population. A higher proportion of mast cells was found in the epithelium of smokers than in non-smokers. Because of the presence of many epithelial mast cells devoid of granule content, we suggest that the use of traditional 4 ,.um paraffin sections stained with thiazine dyes to study mast cells would lead to a marked underestimation of the epithelial population. This work was performed as part of a quantitative examination of all respiratory epithelial cell types with particular emphasis on human distal airways.
Mast cells are based within the connective tissue component of a tissue and the size of a mast cell population in a given organ normally correlates well with its connective tissue content.' In the lungs, mast cells can be demonstrated in the submucosal connective tissue, in glands around block vessels, and in alveolar walls. Basophiloid cells (believed to be mast cells) have also been demonstrated by brush biopsy as occurring within the respiratory mucosa of allergic dogs2 and allergic monkeys.3 Furthermore, mast cells have been observed within the gastrointestinal epithelium of man.4 Brinkman5 was the first to provide electron microscopic evidence of mast cells in the epithelium of human proximal airways.
This work was performed as part of a quantitative examination of all respiratory epithelial cell types with particular emphasis on human distal airways.
In previous studies, identification of mast cells had depended on the presence of metachromasia on staining with thiazine dyes.6 Consequently, mast cells devoid of granule content prove difficult to detect in standard 4 um paraffin sections. Using 1 ,um araldite sections at light microscopic level with the facility of further electron microscopic examination of the same cell, where required, we have been able to note the distinctive features of these cells at both microscopic levels. Thus it is possible to detect those intra-epithelial mast cells which appear to be devoid of granular material and also those showing full granule content and thus metachromasia on staining with 1% toluidine blue. Finally, we emphasise the morphological differences between the mast cell and two other cell types with which confusion may arise, the basophil and the intra-epithelial neuroendocrine cell.
Methods
Material used in this study consisted of human lung tissue removed at operation for carcinoma. Twenty cases were examined consisting of 14 pneumonectomy and six lobectomy specimens. The lungs were fixed immediately on removal from the patient by a perfusion fixation procedure using 2% EM grade glutaraldehyde and left for a further 24 hours before being sliced into 1 cm sagittal sections for routine pathological examination. Tissue blocks required for study were selected from areas showing: (1) no blockage of associated bronchi by tumour, mucus, or pus; (2) no macroscopic evidence of previous or current infection; (3) no obvious involvement by tumour. In practice, only material from an apparently normal lobe in the case of pneumonectomy specimens and from lobectomy specimens resected for small peripheral lesions was used.
Since the emphasis of this study was on human distal airways, tissue blocks were taken from a site approximately 1-2 cm from, and parallel with, the pleural surface of the lung, each block being approximately 2-5 x 1.5 x O-5 cm in size.
The lung tissue was then processed using a modified electron microscopic technique, finally being impregnated and embedded in araldite. Details of this schedule are given in table 1.
The tissue was initially sectioned on a Reichert Jung Autocut Microtome using a tungsten carbide knife; this method while allowing identification of small distal airways was not satisfactory for direct light microscopic examination of respiratory epithelial cells. Consequently, it proved necessary to trim the desired airways from the large araldite blocks for further sectioning on a Porter Bloom semiautomatic microtome with a 6 mm glass knife. By material (fig 4) . Cells were also observed in which both types of granule, with and without electron-dense material, were present and all degrees of gradation between the two extremes described above could be observed.
Although the above differences were noted, all the cells shared a number of other morphological features. They were round to oval in shape and measured 10-15 x 5 ,um. The cell surface of both showed a very characteristic abundance of elongated processes usually lying parallel with the cell surface, the ends occasionally appearing enlarged and clublike. These processes normally surrounded the entire cell, though frequently were more prominent on the luminal side. They contained an oval nucleus of variable size, 6-8 x 1-3 ,um. No nucleoli were observed but a characteristic pattern of peripheral chromatin clumping was usual. A few elongated mitochondria plus a little rough endoplasmic reticulum and Golgi apparatus were inconsistently found. These cells were normally basally situated within the epithelium, frequently in contact with the basement membrane. At no time were mast cells observed in contact with the luminal surface of the epithelium or indeed, in transit through the basement membrane.
It was thus concluded that all the variants described above represented epithelial mast cells. Such cells were identified as occurring within the epithelium of bronchioles, terminal bronchioles, respiratory bronchioles, and the few large proximal bronchi examined.
QUANTITATIVE VARIATIONS IN MAST CELL DENSITY IN RESPIRATORY EPITHELIUM
Mast cell numbers were quantified as part of a general examination of all respiratory epithelial cells. Results are thus expressed as a percentage of total cell count rather than an absolute number per unit area. Furthermore, we have subdivided (where required) the total mast cell population into two groups-those containing some granular material and those vacuolated cells totally devoid of stained granules as seen by light microscopy. Detailed results are shown in table 2.
Comparison of smokers versus nonsmokers (see fig 5) In the bronchioles of all smokers, mast cells (total count) were found to constitute a sizable proportion of all epithelial cells-range 0-44-2-16% of total with mean = 1-27%. Comparing those who stopped smoking before operation (mean = 1-54%) with those who continued to smoke (mean = 111 %) a difference in mast cell frequency is noted but this is not significant at the 5% level. In nonsmokers, mast cells comprised 0-12-0-42% of total epithelial cells (mean = 0.26%); this reveals a marked difference in the size of the bronchiolar mast cell population between smokers and nonsmokers (p < 0.001).
On examination of terminal/respiratory bronchioles the range of mast cell frequency in smokers was 0-4*15% with a mean = 0-85%. Though we could demonstrate a difference in mast cell numbers associated with smoking no dose related response was found taking actual numbers of cigarettes smoked into account, or any relationship to the type of smoking material.
Discussion
In this study we have demonstrated the occurrence of mast cells within the respiratory epithelium of human distal airways. Only those resection specimens containing areas of macroscopically normal tissue were selected in an attempt to minimise any possible effects of the neoplastic disease or its complications on the respiratory epithelium. In addition to recognising the occurrence of mast cells, it has also been possible to identify a spectrum of change ot mast cell morphology from those with an appar-ently full granular content to those virtually devoid of such material.
Appearances with similar marked vacuolation have been described in human mast cells found in a number of sites-for example, gastric mucosa,7 small intestine in Crohn's disease,8 skin.9'0 These changes may be interpreted as indicating mast cell degranulation. However, it has been debated whether such degranulation is ever a normal physiological response.'" Indeed, appearances such as those described have been reported as a consequence of fixation and processing artefacts.'2 Nevertheless, there remains much evidence that this morphological appearance represents degranulation rather than dissolution by fixative. Firstly, in the course of this study we frequently observed cells devoid of granular material adjacent to those with full granule complement (fig 1) . This would not be expected from fixation artefact. Secondly, a study based on the morphological changes of pulmonary (interstitial) mast cells in dogs subject to shock demonstrated vacuolation in the experimental group. No such change was noted in the control group despite both being subject to a perfusion fixation procedure using 3*5% glutaraldehyde.'3 Therefore, although some doubt must still remain as to the mechanism of vacuolation, we feel that there is much to indicate that this morphological appearance reflects actual degranulation. The difference between epithelial and subepithelial mast cells in this respect might suggest some anaesthetic effect, but we were unable to find any relationship between degranulation and the type or length of anaesthesia.
We have demonstrated that mast cells are frequently found in the respiratory epithelium and would propose that techniques using 4 ,um paraffirn sections stained with toluidine blue are inappropriate for the study of epithelial mast cell density. Loss of granule substance-whether by artefact or degranulation-undoubtedly affects the ability to detect these cells by techniques dependent on their metachromasia. However, at no time in the study could we detect vacuolation of mast cells in the submucosa and thus toluidine blue stained paraffin sections may accurately reflect cell numbers in other than epithelial sites. Using such a technique Connell'4 studied the distribution of mast cells in human proximal airways. They were found to be most frequent at the ends of cartilagenous rings, between cartilage and muscle and external to the basement membrane of the submucosal glands. No mast cells were identified in either the epithelium or lumen. In contrast, Brinkman5 produced the only previous electron microscopic description of intra-epithelial mast cells in human airways. He identified these cells in large proximal airways and, although giving no quantitative data, described the cells as rare. A more recent study concerned the number and distribution of mast cells in monkey lungs.'5 Mast cells were identified as occurring above the basement membrane at all airway levels. They were found to account for up to 1 in 100 000 epithelial cells, with an apparent increased density in peripheral airways. In the present study whereas quantitation was not carried out in proximal airways there was a strong impression of a higher number of mast cells in bronchioles than in bronchi.
Our results have revealed a wide variation in mast cell density with apparently more in smokers than nonsmokers. The mechanism by which this occurs and the consequences of these changes are not understood. Having used the technique of perfusion fixation via the bronchial tree, we were not able to comment on mast cells within the airway lumen. However, results of a previous study'6 demonstrated the presence of histamine-containing cells after bronchial lavage in human subjects. These cells consisted of both mast cells and basophil leucocytes, the latter being frequently confused with mast cells. Whereas both cells have metachromatic granules on staining with toluidine blue'7 they may be distinguished by virtue of the fact that basophils contain a lobed nucleus and less densely packed granules, lack the surface processes of the mast cell, and do not show the characteristic whorled substructure to their granules. ' The role of the mast cell in both the physiological and pathological situation has been the subject of much controversy. We have little evidence for the functional significance of the variations in epithelial mast cell density which we have shown. Retrospective study of the preoperative respiratory function tests reveal a statistically nonsignificant trend whereby those with the larger epithelial mast cell populations have greater degrees of airways obstruction. This may be simply an expression of a common relationship of both variables to the smoking history.
